INTRODUCTION {#sec0005}
============

The older adult population is expected to outnumber the population of children by the year 2047 \[[@ref001]\]. Developing countries worldwide are facing booming 'greying' populations. In Malaysia during the period 1991 to 2010, there was an increase in the aging population as the proportion from the total population jumped from 5.6% to 7.9%, respectively. The increase in life expectancy was due to lower mortality rate, better health-care standards, and good living standards \[[@ref002]\].

Aging is often accompanied by subtle cognitive changes which affect the abilities of conceptual reasoning, memory, and processing speed. Besides that, aging may have an impact on fluid cognitive abilities comprising executive function, processing speed, memory, and psychomotor abilities \[[@ref003]\]. For instance, Alzheimer's disease (AD) does not occur overnight, but instead happens over several years from the early stages of mild cognitive impairment (MCI) \[[@ref004]\]. MCI occurs with cognitive complaints and its prevalence varies according to countries due to methodological differences in the diagnosis. When a diagnosis of MCI is confirmed, attempts should be made to reduce its progression by practicing several lifestyle changes \[[@ref004]\].

There is an increased risk of progression to dementia among individuals with MCI, especially with the presence of functional limitations \[[@ref005]\]. Thus, a risk reduction approach must be considered to decrease the number of individuals diagnosed with MCI. Education level, physical activity, healthy dietary patterns (a diet which consists of fruits, vegetables, whole grains, and fish), abstinence from smoking, along with engagement in mental, social, and physical activities are protective measures against MCI \[[@ref006]\]. Moreover, moderate calorie restriction may lead to healthy aging, extended lifespan, and improve metabolic and vascular parameters \[[@ref007]\]. In addition to these conventional approaches, new intervention strategies can be introduced to aid in combating MCI.

The progression of dementia can be prevented by undertaking and practicing intervention strategies targeting the risk factors of MCI. In this fast-paced era, Internet-based intervention can be accepted as a preferred strategy to convey health information to older people. Research done by the Pew Research Center's Internet and American Life Project revealed that the number of older people accessing the internet to seek health information is on the rise \[[@ref009]\]. The internet is a robust medium for delivering information because it can be accessed widely. In 2012, almost 53% of older American adults were users of Facebook, Twitter, Skype, LinkedIn, and e-mail. By 2014, the number of habitual adult internet users increased to 59%, with 47% having installed broadband connections in their respective homes \[[@ref010]\]. Meanwhile, in the Netherlands, 77.8% of older adults have internet connections at home for online banking and social media \[[@ref011]\]. Furthermore, the use of tablets and portable computers among the older generation in the United Kingdom has tripled from 5% in 2012, to 17% in 2013 \[[@ref012]\]. Although older adults are slower in adapting to new technologies, their interest in using computers is comparable to that of the younger generation \[[@ref013]\]. Hence, a web-based approach can be considered in health promotion or education involving older adults \[[@ref014]\].

Based on a previous study, Anstey et al. (2015) stated in their findings that the Internet-based intervention was proven to be an effective educational tool where they used the website 'Body Brain Life' (BBL) for creating awareness among subjects in the intervention group on dementia and its risk factors \[[@ref015]\]. The subjects in the intervention group were exposed to BBL for 26 weeks and were subsequently assessed using the Australian National University-Alzheimer's Disease Risk Index (ANU-ADRI) screening tool upon the completion of 26 weeks \[[@ref015]\]. The study reported a significant increase in dementia risk reduction knowledge among the subjects. However, the subjects recruited in the study involved middle-aged adults.

Another intensive multi-domain randomized controlled trial involving older adults was the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER). The intervention study comprised of comprehensive intervention involving dietary counselling, physical activity, cognitive training, and management of metabolic risk factors for a duration of two years. This trial successfully manifested improvement in cognitive function of the subjects after two years of intervention \[[@ref016]\]. Although this trial was conducted among older adults, the intervention lacks online mediated educational tools for informing older adults of the risk factors of cognitive decline \[[@ref016]\]. Moreover, web-based studies involving older adults mostly focus on physical activity \[[@ref017]\], diabetes mellitus \[[@ref022]\], and cardiovascular diseases \[[@ref024]\]. Specific websites tackling the risk-reduction approach for MCI are lacking, especially for older populations in Malaysia where Malay is the most commonly spoken language. Thus, a senior-friendly, web-based health education website, WESIHAT 2.0©, was developed \[[@ref025]\] as an extension of the previous WESIHAT version \[[@ref026]\] to assist in the effort to lower the risk of MCI. The main objective of the current study was to determine the efficacy of WESIHAT 2.0© application towards cognition, physical fitness, biochemical indices, and psychosocial parameters. Furthermore, the cost saved using the website in improving specific parameters such as disability and information support has been analyzed.

METHODS {#sec0010}
=======

The study employed a two-arm randomized controlled trial (RCT), with 25 subjects in the treatment and control groups, respectively. The treatment group was exposed to WESIHAT 2.0© for four days per week, 30 minutes per session for six months. Meanwhile, the control group received the 'Healthy Eating' pamphlet. Subjects were randomized into the treatment and control group using randomization software Graph Pad (<http://www.graphpad.com/quickcalcs/index.cfm>) by considering the presence of covariates. The randomization software was utilized in this study as per the suggestion by Suresh (2011) \[[@ref027]\], where he stated that clinical trials with a sample size of less than 100, would require adaptive randomization using randomization software especially when covariates are present in order to achieve treatment outcomes. The fieldworkers involved in the study were blinded, by not knowing the details of randomization to minimize performance bias, so that all participants obtained a similar amount of attention. Besides that, the chosen fieldworkers had to attend a training session with the experts in the respective fields to know the proper way of administering the questionnaire. Each fieldworker was assigned to one task throughout the data collection process.

This study design was approved by the Universiti Kebangsaan Malaysia and Research Ethics Committee (NN-060-2013). Written informed consent was obtained from all subjects involved in the study prior to commencing the study. This study was conducted for a period of six months at three intervals (baseline, third month, and sixth month) in four areas in and around the Klang Valley, namely Keramat, Cheras, Kajang, and Putrajaya.

Inclusion and exclusion criteria of the study {#sec0015}
---------------------------------------------

The inclusion criteria of the subjects were: 1) had a Mini-Mental State Examination (MMSE) score of 28 and below due to its high sensitivity and specificity for older adults with at least secondary education \[[@ref028]\]; 2) received at least secondary education because this group of adults is more likely to use the internet frequently to browse for health-related information \[[@ref029]\]; 3) had access to a computer, laptop, or tablet with an internet connection, and 4) had a Geriatric Depression Scale (GDS) score of below 5. Meanwhile, the exclusion criteria were: 1) having MMSE score above 28 and below 15 (MMSE score below 15 was considered at risk of dementia) \[[@ref030]\]; and 2) had no computer with internet connection at home. In addition, individuals with symptoms of depression were excluded from the study because they had higher risk of mood swings, difficulties in decision making, and functional deficits such as dependency and isolation from society \[[@ref031]\].

Calculated sample size {#sec0020}
----------------------

The sample size was calculated using the GPower software. Compromise power analysis has been used because the *a priori* power analysis yields a larger sample size than is feasible. Compromise power analysis is used to alter the alpha level and power based on the error probability ratio. Sample size obtained for each group was 23 with power of 0.83%, effect size of 0.8, beta to alpha ratio of 2 at two tailed. After considering 10% drop-out the sample size for each group was 25.

Randomization of participants {#sec0025}
-----------------------------

Prior to the randomization, screening was conducted for the selection of eligible participants. The initial list comprised of 150 people with an educational level above elementary school where each individual in the list was personally contacted to invite them to participate in the screening program. However, only 80 people met the criteria for MMSE and GDS. The screening was conducted from May to July 2016. Information gathered during the screening included socio-demographic information (including having a personal computer, laptop, tablet, or iPad and having an internet connection), health status (co-morbidities), functional status (Activities of Daily Living and Instrumental Activities of Daily Living), cognitive tests (MMSE, digit span, Rey Auditory Verbal Learning Test), and GDS for symptoms of depression.

From the 80 people shortlisted based on the MMSE score, 20 were excluded because they were not willing to participate, shifted to another state, or could not be contacted. Finally, a total of 60 participants were shortlisted for the RCT and they participated in the baseline study of the intervention. However, during the study period, ten subjects withdrew from the study (five from each group) due to unavoidable circumstances such as demise, surgery, poor health, or transfer which was communicated via phone calls. Ultimately, 50 subjects were included in the statistical analysis upon the completion of the study period. Hence, each group consisted of 25 subjects respectively ([Fig. 1](#jad-70-jad180464-g001){ref-type="fig"} shows the randomization of subjects).

![Sampling procedure flow chart.](jad-70-jad180464-g001){#jad-70-jad180464-g001}

Intervention using WESIHAT 2.0 and the printed material {#sec0030}
-------------------------------------------------------

The recruits from the intervention group were exposed to WESIHAT 2.0©, a web-based application for a duration of six months (at least 30 minutes per day). The development and acceptability of WESIHAT 2.0 have already been reported \[[@ref025]\]. For the first three months of the intervention, group counselling was conducted among respondents in the intervention group to educate them about the components of WESIHAT 2.0©. A browsing manual was also provided to the subjects within the Uniform Resource Locator (URL) of the website.

As for the control group, the 'Healthy Eating' pamphlet was provided. The printed material was obtained from the Ministry of Health Malaysia. The pamphlet consisted of dietary recommendations and advice based on the Malaysian Food Pyramid. The control group was provided with dietary counselling based on the pamphlet given, during each visit.

The description of the website and pamphlet are summarized in [Table 1](#jad-70-jad180464-t001){ref-type="table"} Table 1Components of WESIHAT 2.0© and PamphletIntervention (WESIHAT 2.0©)Control (Healthy Eating Pamphlet)Website consist of four main components:The pamphlet consists of nine dietary components:1) TUA-WELLNESS screening tool, a ten-item screening tool for identifying risk of memory impairment\
2) Ten lifestyle-based memory enhancing guides (control blood sugar, control blood cholesterol, intake of fruits and vegetables, intake of fish, calorie restriction, mental stimulating activities, physical activity, smoking and alcohol, social activity and holistic health care)\
3) Health Diary, a platform for users to save their biochemical test results\
4) Healthy Food Menu, provided users with healthy meal preparation tips, shopping guidelines, and nutrition related quiz.1) Water\
2) Fat and Cholesterol\
3) Sugar and Salt\
4) Milk and Dairy Products\
5) Fish, Poultry, Meat and Legumes\
6) Fruits and Vegetables\
7) Cereals and Grain\
8) Portion Size\
9) Food Pyramid of Malaysia

Parameters investigated during the intervention {#sec0035}
-----------------------------------------------

Each subject was given a booklet with an individual registration number. The booklet consisted of the parameters investigated and it required a minimum of one hour to complete the booklet. [Table 2](#jad-70-jad180464-t002){ref-type="table"} lists the parameters included in the booklet along with the references. The initial section of the booklet consists of the socio-demographic variables such as education level, gender, religion, age, marital status, household income, and much more. This is followed by self-reported medical history such as diabetes, heart diseases, gastrointestinal diseases, urinary incontinence, respiratory diseases, and swallowing problems. This intervention comprises two outcomes. The assessment of the cognitive function of the recruits is the primary outcome with the help of cognitive assessment batteries ([Table 2](#jad-70-jad180464-t002){ref-type="table"}). Meanwhile, the secondary outcome of this intervention was to assess the subjects' fitness, psychosocial, and functional status ([Table 2](#jad-70-jad180464-t002){ref-type="table"}).

###### 

Parameters investigated in this study

  Parameters                                                                                                                                                              Description of parameters
  -------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Socio-demographics                Name, address, identification card number, gender, race, religion, education level (in years), contact number, marital status, total household income (including money given by children, spouses, relatives and funding received from governmental organization), living status, smoking and alcohol
  Medical history       Self-reported medical history 'Are you currently having any of the listed diseases?' Hypertension, diabetes mellitus, hyperlipidemia, arthritis, chronic lung diseases, stroke, heart diseases, asthma, cancer, gout, constipation, gastric, urinary incontinence, chewing or swallowing problems. Family history of dementia.
  Cognitive test                Digit span \[[@ref033]\], digit symbol \[[@ref033]\], Rey Auditory Verbal Learning Test \[[@ref034]\], visual reproduction I and II \[[@ref035]\], matrix reasoning \[[@ref036]\], Clock Drawing Test \[[@ref037]\], Trail Making Test part A and B \[[@ref038]\], Mini-Mental State Examination \[[@ref039]\]
  Psychosocial                                                                          Loneliness \[[@ref040]\], Medical Outcome Social Support Survey \[[@ref041]\], self-reported quality of life, WHODAS disability scale \[[@ref042]\], Geriatric Depression Scale \[[@ref043]\]
  Functional status                                                                                                                   Activities of Daily Living \[[@ref044]\] and Instrumental Activities of Daily Living \[[@ref045]\]
  Fitness                                                                                                Two-minute step test, timed up and go test, chair stand test, chair sit and reach test, back scratch test, gait speed, and hand grip strength \[[@ref046]\]

Tools for assessing primary outcome {#sec0040}
-----------------------------------

Cognitive function was measured using various cognitive test batteries. Digit span was used for assessing working memory and attention. It consists of two categories namely the digit span forward and backward. Score was the summation of both the components and the raw score was transformed to scale score for the purpose of analysis \[[@ref033]\]. Digit symbol was important for determining processing speed. In this test, subjects were required to draw the symbols specific for each number within the duration of two minutes \[[@ref033]\]. Rey Auditory Verbal Learning Test was used for assessing verbal memory \[[@ref034]\]. In this test, subjects were required to remember a list of 15 words uttered by the researcher for a repetition of five times. The rate of verbal learning was calculated using the formula '(total sum of A1 to A5)-(5xA1)' \[[@ref035]\]. Visual memory was evaluated by using Visual Reproduction I and II \[[@ref036]\]. In Visual Reproduction I, subjects were presented with four cards, one at each time, consisting of geometric shapes. They were required to remember the shapes in each card and draw them. Meanwhile, in Visual Reproduction II, subjects were required to draw all the four pictures after an interval of one minute without any clues. Matrix reasoning is another cognitive test battery for assessing working memory, processing speed, and reasoning abilities. Subjects were showed 35 pictures with any empty space in each. They were required to fill in the space with the correct answer based on appropriate reasoning \[[@ref033]\]. Clock Drawing Test is for assessing visuo-spatial skills. In this test, subjects were required to draw a clock which showed 45 minutes past two. Scoring was based on the method proposed by Sunderland \[[@ref037]\]. Folstein et al. \[[@ref038]\] developed one of the most preferred and robust test battery called the MMSE. This questionnaire with 30 items is used to determine the global cognitive function by measuring the language, orientation, awareness, and registration and recall abilities of the subjects.

Tools for measuring secondary outcomes {#sec0045}
--------------------------------------

The three-item loneliness scale was used for measuring level of loneliness. Each item had three-point Likert scale: 1 (hardly ever), 2 (some of the time), and 3 (often). Higher score indicated more severe loneliness \[[@ref039]\]. Furthermore, social support was assessed using Medical Outcome Social Support Survey (MOSS). MOSS consist of four subscales namely informational support, tangible support, positive social interaction, and affective support. Higher score in each scale indicated better social support \[[@ref040]\]. Quality of life was measured via a single question of 'How do you rate your current quality of life?' It has four-point Likert scale of 'very satisfied', 'satisfied', 'not satisfied', and 'not satisfied at all'. WHODAS disability scale has 12 items and measured six major domains, namely mobility, self-care, household/life activities, cognitive, social/getting along, and society/participation \[[@ref041]\]. Depressive symptoms were measured using GDS with 15 items and two answer options of 'Yes' and 'No' \[[@ref042]\]. Activities of Daily Living has six items with 'yes' and 'no' answer options for assessing ability to perform basic routines such as toileting, eating, dressing, bathing, transferring, and continence \[[@ref043]\]. On the other hand, Instrumental Activities of Daily Living assesses more complex activities such as transporting oneself, ability to use telephone, shopping, managing finance, performing household chores, and managing medications \[[@ref044]\]. Fitness comprised of several tests assessing different domains. Two-minute step test is for assessing aerobic endurance, timed up and go is for agility and balance, chair stand test assesses lower body strength, chair sit and reach is for upper body flexibility, back scratch test is for lower body flexibility, gait speed is for assessing risk of falls, and hand grip strength measures upper muscle strength \[[@ref045]\].

Upon collecting the questionnaire booklets, they were checked thoroughly for missing data. Finally, before returning home, WESIHAT 2.0© was explained to the subjects in the treatment group and permission was obtained to contact them at least once a week as a reminder to use the website. Furthermore, to avoid contamination bias, participants in the intervention group were requested not to leak any information regarding the website to the control group during the period of intervention.

Besides the actual data collection, subjects in the intervention group met once a month for group counselling sessions in order to educate them on the content of WESIHAT 2.0. It was conducted in the community hall near the subject's area by the researcher. The main purpose of the discussion session is to provide exposure of the treatment group to the content of WESIHAT 2.0. Some of the subjects in the treatment group were not familiar with WESIHAT 2.0. Thus, group discussion was conducted to explain the proper ways to use the website, to describe the content in WESIHAT 2.0, and to identify the problems faced by subjects when using the website. To avoid boredom, the counselling session was made interesting by having a quiz related to the content of WESIHAT 2.0 and playing free online brain games using tablets. Subjects played brain games for 10 minutes during their recess session. Each group counselling session took almost 4 hours because there were practical sessions. There were three counselling sessions throughout the intervention period. Subjects were required to browse WESIHAT 2.0 using the researcher's laptops, tablets, and internet connection. Meanwhile, the control group was not provided with counselling session.

Cost-analysis of WESIHAT2.0© {#sec0050}
----------------------------

Activity-Based Costing, as proposed by Baker \[[@ref046]\], was employed to estimate the cost and improvements in scores after the implementation of WESIHAT 2.0 and pamphlet. The Activity-Based Costing concept identifies activities which consume resources which are then translated into costs. During the study, costs related to human resources were identified by multiplying the staffs' salary per subject with the score of the WHODAS 2.0 and informational support. Salary per subject for each fieldworker was obtained by dividing the salary per day with the total number of subjects per day. In this study, the fieldworkers were paid MYR 50 per day. The total number of subjects in one day is expected to be around 12 people. Thus, the estimated staff cost per subject for each fieldworker was 50/12 which is MYR 4.17.

Next, the cost required for the utilization of WESIHAT 2.0© and the pamphlet was calculated based on the need for staff and other elements such as questionnaire booklets, cost of printing pamphlets, the cost of websites, lodging of fieldworkers, transport, food, rental of the community hall, and honorarium. The total cost for WESIHAT 2.0 website development and web-application was MYR 26,000 over a maintenance period of five years, at approximately MYR 5,200 per year (MYR 26,000/5). Based on the Malaysian Communications and Multimedia Commission, the Internet users in year 2016 was about 24.5 million of which 1.2% were older individuals \[[@ref047]\]. Therefore, the total older Internet users in the year 2016 represents 294,000 internet users per year (1.2% ×24.5 million). Hence, the cost per user per year was approximated at MYR 0.018 (MYR 5200/294000). For the purpose of this study which was six months, the cost per subject was MYR 0.009.

Statistical analysis {#sec0055}
--------------------

The baseline data analysis involved the use of Chi-Square test or the Fisher Exact test (for categorical variables with binary options when at least one cell has an expected frequency of less than 5), and the Mann-Whitney test for the analysis between the groups with numerical variables such as age and years of education. The effectiveness of the intervention was measured using a two-way repeated measure Analysis of Variance (ANOVA) adjusted for age, years of education, fasting blood sugar, triglyceride, high-density lipoprotein cholesterol, digit span scale score, and score of Trail Making Test B. The confounding variables, except for age and years of education, were the significant variables at the baseline analysis. The significance level was set at *p* \< 0.05.

RESULTS {#sec0060}
=======

Participant demographics {#sec0065}
------------------------

As listed in [Table 3](#jad-70-jad180464-t003){ref-type="table"}, no significant differences were observed between the two groups in regards to age, gender, race, education level, marital status, living arrangements, and personal income. These results indicated that individuals in both the groups were comparable on socio-demographic aspects.

###### 

Socio-demographic characteristics of the subjects in the WESIHAT2.0© and control group \[presented as mean±standard deviation or *n* (%)\]

  Parameter               Total (N = 50)   WESIHAT 2.0 © Group (*n* = 25)   Control Group (*n* = 25)      *p*
  ---------------------- ---------------- -------------------------------- -------------------------- -----------
  Mean age (y)              67.84±5.65               66.92±4.60                    68.76±6.50          0.271^1^
  Gender:                                                                                             
  Men                       21 (42.0)                9 (36.0%)                     12 (48.0%)          0.390^2^
  Women                     29 (58.0)                16 (64.0%)                    13 (52.0%)         
  Race:                                                                                                0.667^3^
  0.157^2^                                                                                            
  Malay                     44 (88.0)                23 (92.0)                     21 (84.0)          
  Indian                     6 (12.0)                 2 (8.0)                       4 (16.0)          
  Personal Income^\*^:                                                                                
  \<RM 1000                 10 (20.0)                 2 (8.0)                       8 (32.0)          
  RM1001-RM2000             14 (28.0)                 6 (24.0)                      8 (32.0)          
  RM2001-RM3000              9 (18.0)                 6 (24.0)                      3 (12.0)          
  RM3001-RM4000              9 (18.0)                 7 (28.0)                      3 (12.0)          
  \>RM4000                   7 (14.0)                 4 (16.0)                      3 (12.0)          
  Marital status:                                                                                     
  Married                    3 (6.0)                 21 (80.8)                     17 (70.8)           0.184 ^2^
  Single                    31 (62.0)                 5 (19.2)                      7 (29.2)          
  Divorced/Widow            16 (32.0)                 5 (20.0)                     11 (44.0)          
  Living status:                                                                                      
  Living alone               4 (8.0)                  3 (12.0)                      1 (4.0)            0.609 ^3^
  Living with others        46 (92.0)                22 (88.0)                     24 (96.0)          
  Years of education        11.91±2.47               12.58±2.86                    11.24±1.81          0.053^1^

^1^*p* \> 0.05 not significant using Mann-Whitney test; ^2^*p* \> 0.05 not significant using Chi-Square; ^3^*p* \> 0.05 not significant using Fisher-Exact Test. ^\*^Personal income was expressed in RM which is the abbreviation of Ringgit Malaysia or also known as MYR (Malaysian Ringgit). Personal income was the money a subject had in a month for their monthly expenses and this included subject's salary if they are still working, pension or money given to them by their children.

Effect of intervention on cognitive function, physical fitness, biochemical parameters, and oxidative stress indices {#sec0070}
--------------------------------------------------------------------------------------------------------------------

[Table 4](#jad-70-jad180464-t004){ref-type="table"} indicated no significant intervention effects for all the cognitive tests assessed. However, significant time and group effects were observed for gait speed and back scratch tests, respectively. Intervention effect, however, was not significant for all the physical functions assessed ([Table 5](#jad-70-jad180464-t005){ref-type="table"}). [Table 4](#jad-70-jad180464-t004){ref-type="table"} further demonstrated that there were no significant intervention effects observed in both groups for all biochemical and oxidative stress indices. Despite that, the intervention group did show a drastic decline in the mean percentage difference of low density lipoprotein (LD) cholesterol (--10.01%), while the control group demonstrated an increment of 4.07% from baseline to the third month (*p* \< 0.05). The mean percentage difference for total cholesterol also showed a significant decline from baseline to the third month for both the intervention and control groups. A greater decline was demonstrated among the intervention group (--7.83%) as compared to the control group (--2.17%) (*p* \< 0.05) ([Fig. 2](#jad-70-jad180464-g002){ref-type="fig"}). This shows that the treatment group had proper control of their cholesterol level during the intervention period.

###### 

Effectiveness of intervention on cognitive function

  Parameters                           WESIHAT 2.0© group (*n* = 25)   Control group (*n* = 25)   Group effect   Time effect   Interaction effect                                              
  ----------------------------------- ------------------------------- -------------------------- -------------- ------------- -------------------- ----------- ------- ------- ------- ------- -------
  **Mini-Mental State Examination**                                                                                                                                                            
  Baseline                                      28.30±1.78                    27.00±2.63             0.460          0.020            0.112          0.001^\*^   0.266   0.953   0.256   0.049   0.258
  3rd month                                     28.70±1.45                    28.19±1.80                                                                                                       
  6th month                                     29.25±0.91                    27.31±2.44                                                                                                       
  **Digit Symbol**                                                                                                                                                                             
  Baseline                                       9.05±2.70                    8.13±2.66              0.905          0.001            0.052            0.674     0.015   0.111   0.991   0.019   0.051
  3rd month                                     10.00±3.04                    8.25±2.91                                                                                                        
  6th month                                     11.05±2.42                    8.88±2.99                                                                                                        
  **Rate of verbal learning**                                                                                                                                                                  
  Baseline                                     --3.75±25.71                 --13.60±23.64            0.404          0.034            0.201            0.272     0.046   0.191   0.401   0.035   0.202
  3rd month                                    --5.80±24.39                   3.40±22.97                                                                                                       
  6th month                                    --8.70±27.95                 --20.80±28.06                                                                                                      
  **Clock Drawing Test**                                                                                                                                                                       
  Baseline                                       9.95±0.22                    9.63±0.89              0.334          0.035            0.158            0.181     0.063   0.321   0.631   0.624   0.104
  3rd month                                      9.95±0.22                     9.5±0.89                                                                                                        
  6^th^ month                                    10.0±0.00                    9.50±0.89                                                                                                        
  **Matrix reasoning**                                                                                                                                                                         
  Baseline                                      13.05±5.46                    10.36±4.16             0.898          0.001            0.052            0.413     0.035   0.197   0.821   0.397   0.079
  3rd month                                     14.90±5.55                    12.86±6.41                                                                                                       
  6th month                                     14.85±5.26                    12.36±6.85                                                                                                       
  **Visual Reproduction I**                                                                                                                                                                    
  Baseline                                      87.53±15.58                  68.40±26.91             0.411          0.027            0.127            0.174     0.068   0.361   0.684   0.015   0.108
  3rd month                                     85.26±19.37                  65.73±33.77                                                                                                       
  6th month                                     95.21±5.26                   78.67±31.48                                                                                                       
  **Visual Reproduction II**                                                                                                                                                                   
  Baseline                                      85.89±24.23                  65.00±36.96             0.471          0.023            0.108            0.551     0.026   0.145   0.846   0.336   0.074
  3rd month                                     90.05±17.88                  76.15±27.13                                                                                                       
  6th month                                     94.32±9.42                   85.46±24.77                                                                                                       
  **Trail Making Test A (s)**                                                                                                                                                                  
  Baseline                                      51.64±21.37                  61.05±31.41             0.640          0.008            0.074          0.002^\*^   0.203   0.907   0.087   0.087   0.490
  3rd month                                                                                                                                                                                    
  6th month                                                                                                                                                                                    

^\*^*p* \< 0.01 significant using two-way repeated measure ANOVA adjusted for age, education years, digit span scale score, trail making test B, triglyceride, high density lipoprotein and fasting blood sugar.

###### 

Effectiveness of intervention on Physical Function and Biochemical Indices

  Parameters                    WESIHAT 2.0© group (*n* = 25)   Control group (*n* = 25)   Group effect    Time effect   Interaction effect                                                  
  ---------------------------- ------------------------------- -------------------------- --------------- ------------- -------------------- --------------- ------- ------- ------- ------- -------
  **Gait Speed (s)**                                                                                                                                                                         
  Baseline                                5.09±0.83                    5.40±1.45               0.428          0.026            0.121          **0.018**^\*^   0.181   0.814   0.612   0.020   0.127
  3rd month                               5.45±0.76                    5.73±1.25                                                                                                             
  6th month                               5.05±1.26                    5.12±1.52                                                                                                             
  **Two-Minute Step Test**                                                                                                                                                                   
  Baseline                               84.39±18.83                  87.15±17.48              0.266          0.064            0.278              0.465       0.038   0.174   0.266   0.064   0.278
  3rd month                              83.89±18.7                   80.62±13.54                                                                                                            
  6th month                             493.39±18.24                  88.85±14.16                                                                                                            
  **Hand Grip**                                                                                                                                                                              
  Baseline                               23.25±5.97                    24.03±9.04              0.574          0.012            0.085              0.060       0.102   0.553   0.602   0.019   0.130
  3rd month                              22.09±6.77                    23.67±8.51                                                                                                            
  6th month                              23.97±5.95                    25.20±9.61                                                                                                            
  **Chair Stand Test**                                                                                                                                                                       
  Baseline                               13.26±2.83                    13.54±4.22              0.135          0.094            0.317              0.935       0.003   0.060   0.693   0.016   0.106
  3rd month                              13.53±2.93                    12.46±2.67                                                                                                            
  6th month                              13.42±3.01                    12.54±2.03                                                                                                            
  **Chair Sit and Reach**                                                                                                                                                                    
  Baseline                                1.51±7.87                    1.15±5.76               0.684          0.006            0.068              0.166       0.067   0.370   0.972   0.001   0.054
  3rd month                              --0.56±9.95                  --1.66±10.38                                                                                                           
  6th month                               1.31±5.37                    0.04±8.63                                                                                                             
  **TUG (s)**                                                                                                                                                                                
  Baseline                                8.59±1.65                    9.05±2.36               0.369          0.031            0.143              0.105       0.083   0.455   0.589   0.020   0.134
  3rd month                               9.41±1.55                    9.68±1.83                                                                                                             
  6th month                               8.07±2.83                    8.52±2.70                                                                                                             
  **Back Scratch Test (cm)**                                                                                                                                                                 
  Baseline                               --6.67±8.01                 --14.19±11.85         **0.027**^\*^      0.174            0.616              0.495       0.027   0.164   0.753   0.011   0.093
  3rd month                             --7.97±10.18                 --14.03±11.75                                                                                                           
  6th month                              --6.08±9.80                 --14.34±12.83                                                                                                            0.203
  **PASE**                                                                                                                                                                                   
  Baseline                               88.45±34.31                  86.18±38.38              0.081          0.109            0.417              0.484       0.027   0.168   0.400   0.033  
  3rd month                             101.46±37.67                  84.07±39.92                                                                                                            
  6th month                             107.08±67.37                  84.44±47.71                                                                                                            
  **IADL**                                                                                                                                                                                   
  Baseline                               14.00±0.00                    13.81±0.40              0.073          0.114            0.435              0.188       0.060   0.347   0.741   0.011   0.095
  3rd month                              14.00±0.00                    13.25±1.18                                                                                                            
  6th month                              14.00±0.00                    13.50±2.00                                                                                                            
  **Total Cholesterol**                                                                                                                                                                      
  Baseline                                5.29±1.02                    5.21±1.24               0.964          0.000            0.050              0.992       0.000   0.051   0.791   0.009   0.085
  3rd month                               4.81±0.90                    5.04±1.75                                                                                                             
  6th month                               5.05±0.71                    5.31±1.26                                                                                                             
  **LDL-C**                                                                                                                                                                                  
  Baseline                                3.22±0.97                    3.17±1.03               0.816          0.002            0.056              0.468       0.030   0.174   0.343   0.042   0.231
  3rd month                               2.87±0.84                    3.20±1.28                                                                                                             
  6th month                               3.00±0.78                    3.27±1.11                                                                                                             
  **TC/HDL**                                                                                                                                                                                 
  Baseline                                3.56±0.77                    3.95±1.08               0.594          0.292            0.081              0.284       0.049   0.267   0.956   0.002   0.056
  3rd month                               3.72±1.03                    4.05±1.58                                                                                                             
  6th month                               3.64±0.64                    4.04±1.27                                                                                                             
  **Malondialdehyde**                                                                                                                                                                        
  Baseline                                0.03±0.02                    0.02±0.02               0.339          0.040            0.155              0.106       0.093   0.454   0.186   0.071   0.347
  3rd month                               0.01±0.01                    0.01±0.01                                                                                                             
  6th month                              0.01±0.004                    0.02±0.01                                                                                                             
  **Superoxide dismutase**                                                                                                                                                                   
  Baseline                                0.06±0.02                    0.06±0.04               0.628          0.010            0.076              0.098       0.096   0.467   0.901   0.005   0.065
  3rd month                               0.04±0.01                    0.04±0.02                                                                                                             
  6th month                               0.05±0.01                    0.06±0.02                                                                                                             

^\*^*p* \< 0.05 significant using two-way repeated measure ANOVA adjusted for age, education years, digit span scale score, Trail Making Test B, triglyceride, high density lipoprotein, and fasting blood sugar. TUG, Timed Up and Go Test; PASE, Physical Activity Scale for Elderly; IADL, Instrumental Activity of Daily Living; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; HDL, high density lipoprotein cholesterol; NS, not significant using two-way repeated measure ANOVA adjusted for age, education years, digit span scale score, trail making test B, triglyceride, high density lipoprotein and fasting blood sugar.

![Percentage mean change for biochemical and oxidative stress indices. ^\*^*p* \< 0.05 significant using Independent-*t*-test, ^\*\*^*p* \< 0.05 significant using Mann-Whitney test.](jad-70-jad180464-g002){#jad-70-jad180464-g002}

Effect of intervention on disability and social support {#sec0075}
-------------------------------------------------------

The self-perception of disability was assessed by WHODAS 2.0 and indicated significant group, time, and interaction effects (*p* \< 0.01) ([Table 6](#jad-70-jad180464-t006){ref-type="table"}). The intervention group scored lower than the control group in WHODAS 2.0 which was indicative of greater severity in disability within the control group. The change in self-perception of disability score in the control group was 4.87±6.16 at baseline, to 3.33±4.62 during the third month, and 2.53±5.64 at the sixth month (*p* \< 0.05). The intervention group had a lower self-perception of disability score from 1.10±1.62 at baseline to 1.40±2.06 at the third month to 1.15±1.76 at the sixth month. Moreover, a significant effect was found for the informational support score (*p* \< 0.05) and tangible support score (*p* \< 0.01). The informational support score increased from 73.8±18.5 at baseline to 102.5±24.1 at the third month and to 112.5±20.4 at the sixth month for the intervention group; while for the control group, the baseline score was higher (78.7±27.0). However by the third (81.0±16.6) and sixth month (108.9±28.1), the scores were comparatively lower than that of the intervention group (*p* \< 0.05).

###### 

Effect of intervention on total score of WHODAS, social support and depressive symptoms \[presented as mean±SD\]

  Parameters                         WESIHAT 2.0© group (*n* = 25)   Control group (*n* = 25)    Group effect     Time effect   Interaction effect                                                              
  --------------------------------- ------------------------------- -------------------------- ----------------- ------------- -------------------- ----------------- ------- ------- ----------------- ------- -------
  **Total Score WHODAS**                                                                                                                                                                                        
  Baseline                                      1.1±1.6                      4.9±6.2            **0.001**^\*\*^      0.341            0.942          **0.029**^\*\*^   0.128   0.668   **0.004**^\*\*^   0.191   0.871
  3rd month                                     1.4±2.1                      3.3±4.6                                                                                                                            
  6th month                                     1.2±1.8                      2.5±5.6                                                                                                                            
  **Loneliness**                                                                                                                                                                                                
  Baseline                                      3.1±0.3                      3.4±0.8             **0.020**^\*^       0.184            0.662               0.524        0.018   0.112        0.261        0.048   0.225
  3rd month                                     3.1±0.3                      3.4±0.9                                                                                                                            
  6th month                                     3.2±0.5                      4.5±1.9                                                                                                                            
  **Informational Support**                                                                                                                                                                                     
  Baseline                                     73.8±18.5                    78.7±27.0                0.519           0.016            0.427               0.321        0.041   0.244    **0.029**^\*^    0.123   0.666
  3rd month                                   102.5±24.1                    81.0±16.6                                                                                                                           
  6th month                                   112.5±20.4                    108.9±28.1                                                                                                                          
  **Tangible Support**                                                                                                                                                                                          
  Baseline                                     72.9±29.6                    77.1±30.5                0.507           0.016            0.099               0.757        0.008   0.077   **0.008**^\*\*^   0.186   0.800
  3rd month                                   113.8±18.8                    84.4±16.6                                                                                                                           
  6th month                                   110.4±20.2                    116.7±16.9                                                                                                                          
  **Affective Support**                                                                                                                                                                                         
  Baseline                                    100.0±14.4                    94.4±17.2                0.795           0.003            0.057               0.396        0.034   0.205        0.563        0.021   0.141
  3rd month                                   108.3±19.0                    109.0±19.1                                                                                                                          
  6th month                                   121.1±20.4                    105.6±27.2                                                                                                                          
  **Positive Social Interaction**                                                                                                                                                                               
  Baseline                                     87.9±20.7                    83.3±21.7                0.640           0.008            0.074               0.186        0.060   0.348        0.668        0.015   0.112
  3rd month                                    99.2±22.9                    100.5±25.9                                                                                                                          
  6th month                                   105.0±27.2                    97.9±26.8                                                                                                                           
  Total Social Support                                                                               0.521           0.015            0.096               0.636        0.017   0.121        0.070        0.094   0.527
  Baseline                                     80.7±15.6                    81.8±21.7                                                                                                                           
  3rd month                                   105.1±18.4                    90.24±15.7                                                                                                                          
  6th month                                   111.84±19.0                  107.68±21.0                                                                                                                          
  Depressive Symptoms                                                                                                                                                                                           
  Baseline                                     1.75±1.59                    2.81±2.93                0.181           0.065            0.263               0.309        0.043   0.252        0.580        0.018   0.117
  3rd month                                    0.95±1.36                    1.63±1.50                                                                                                                           
  6th month                                    1.00±1.08                    1.81±2.10                                                                                                                           

^\*^*p* \< 0.05, ^\*\*^*p* \< 0.01 significant using two-way repeated measure ANOVA adjusted for age, education years, digit span scale score, Trail Making Test B, triglyceride, high density lipoprotein and fasting blood sugar. WHODAS, World Health Organization Disability Assessment Schedule.

Cost-Analysis of WESIHAT 2.0 as compared to printed material {#sec0080}
------------------------------------------------------------

Based on the results of the intervention, WHODAS 2.0 scores post-intervention were 1.2±1.8 and 2.5±5.6 for the treatment and control groups, respectively (significant intervention effect, *p* \< 0.05). The staff cost per subject is MYR 4.17. The staff cost per subject will be multiplied with the disability scores in the respective group. The staff costs for the disability score improvement using WESIHAT 2.0© was lower than the pamphlet (MYR 5.00 versus MYR 10.43) ([Table 7](#jad-70-jad180464-t007){ref-type="table"}). The cost of using WESIHAT 2.0© per subject is MYR 0.009 while pamphlet is MYR 4.00. Besides that, food expenses were higher for the intervention group due to counselling session. Each subject in the intervention group had to attend the counselling session once. They will be provided one meal. No other expenses were involved in the counselling session such as hall rental or fieldworker's salary. Thus, the total overall cost (including staff cost and all other expenses) for WESIHAT 2.0© (MYR 120.479) was lower than the pamphlet (MYR127.40) and by using WESIHAT 2.0©, MYR 6.92 can be saved per subject ([Table 7](#jad-70-jad180464-t007){ref-type="table"}).

###### 

Cost for improving WHODAS score of subjects using WESIHAT 2.0© and pamphlet

  Logistics/Field workers/Subjects                     Resources                        Cost drivers       Cost for per Subject Using WESIHAT 2.0©   Total Cost for WESIHAT 2.0©   Cost for per Subject Using Pamphlet    Total Cost for Pamphlet
  ---------------------------------- ---------------------------------------------- --------------------- ----------------------------------------- ----------------------------- ------------------------------------- ---------------------------
  Subjects                                    Number of subjects involved                                                                                    25 subjects                                                        25 subjects
  1                                               Cost per subject^a^                        RM                         4.17/subject                           104.25                         4.17/subject                        104.25
  2                                       Mean WHODAS score post intervention                                                1.2                                                                   2.5                  
  3                                          Staff cost for WHODAS score^b^                  RM                     (4.17×1.2) = **5.00**                  (5×25) = RM125                 (4.17×2.5) *= 10.43*             (10.43×25) = RM260.75
  4                                                WHODAS score saved                                                   2.5-1.2 = 1.3                      (1.3×25) = 32.5                                              
  5                                        Staff cost saved for WHODAS score                                          10.43-5.00 = 5.43                                                                                 
  Logistics                                                                                                                                                                                                             
  1                                                  Questionnaire                     Set per subject                     RM 0.55                      (0.55×25) = RM 13.75                     RM 0.55                   (0.55×25) = RM 13.75
  2                                             Community center rental              Per day/per subject                   RM 2.42                                                               RM 2.42                
  3                                                    Honorarium                        Per subject                        RM 20                                                                 RM 20                 
  4                                                Food for subjects                     Per subject                      RM 10.00                        (10×25) = RM 250                       RM 7.50                   (7.5×25) = RM 187.50
  Fieldworkers                                                                                                                                                                                                          
  1                                              Food for fieldworkers                   Per worker                       RM 12.50                    (12.5×12workers) = RM 150                 RM 12.50                 (12.5×12workers) = RM 150
  2                                                    Transport                         Per worker                         RM 30                       (30×12workers) = 360                      RM 30                    (30×12workers) = 360
  3                                                     Lodging                          Per worker                         RM 40                       (40×12workers) = 480                      RM 40                    (40×12workers) = 480
  4                                   Cost of WESIHAT 2.0© or pamphlet**^**c**^**          Per day                        RM 0.009                     (RM0.009×25) = RM 0.225                   RM 4.00                      (4×25) = RM 100
                                           Total Cost (Logistic+Fieldworkers)                RM                          RM 115.479                                                             RM 116.97               
                                      Total Overall Cost (Total Cost + Staff Cost)           RM                RM115.479+RM 5.00 = RM 120.479                                         RM116.97+RM10.43 = RM 127.40      

^a^Cost per subject = cost per day divided with number of subjects per day. ^b^Staff cost = cost per subject multiplied with WHODAS score. ^c^Cost of WESIHAT 2.0© included cost of developing the website as well as the salary of website developer, while cost of pamphlet is the cost of printing colored pamphlet. RM indicates MYR.

Similarly, informational support scores post-intervention were 112.5±20.2 and 108.9±28.1 for the treatment and control groups, respectively (significant interaction effect, *p* \< 0.05). The total overall cost spent for WESIHAT 2.0© (MYR 584.604) was lower than a pamphlet (MYR 571.083), indicating that WESIHAT 2.0© was cost-saving compared to the pamphlet in improving the informational support score (about MYR 13.52 saved using WESIHAT 2.0©) ([Table 8](#jad-70-jad180464-t008){ref-type="table"}).

###### 

Cost for improving informational support score of subjects using WESIHAT 2.0© and pamphlet

  Logistics/Field workers/Subjects                        Resources                         Cost drivers     Cost for per Subject Using WESIHAT 2.0©   Total Cost for WESIHAT 2.0©   Cost for per Subject Using Pamphlet    Total Cost for Pamphlet
  ---------------------------------- ---------------------------------------------------- ----------------- ----------------------------------------- ----------------------------- ------------------------------------- ---------------------------
  Subjects                                       Number of subjects involved                                                                                   25 subjects                                                        25 subjects
  1                                                  Cost per subject^a^                         RM                       4.17/subject                       104.25/subject                     4.17/subject                    104.25/subject
  2                                   Mean informational support score post intervention                                      112.5                                                                 108.9                 
  3                                     Staff cost for informational support score^b^            RM                (4.17×112.5) = **469.125**          (469.125×25) = RM11728.125        (4.17×108.9) = **454.113**        (454.113×25) = RM11352.83
  4                                           Informational support score saved                                         112.5-108.9 = 3.6                   (3.6×25) = **90**                                             
  5                                    Staff cost saved for informational support score                             469.125-454.113 = 15.012                                                                              
  Logistics                                                                                                                                                                                                               
  1                                                     Questionnaire                      Set per subject                   RM 0.55                      (0.55×25) = RM 13.75                     RM 0.55                   (0.55×25) = RM 13.75
  2                                                Community center rental                     Per day                       RM 2.42                                                               RM 2.42                
  3                                                       Honorarium                         Per subject                      RM 20                                                                 RM 20                 
  4                                               Food for subjects per day                  Per subject                    RM 10.00                       (10×25) = RM 250.00                     RM 7.50                   (7.5×25) = RM 187.50
  Fieldworkers                                                                                                                                                                                                            
  1                                             Food for fieldworkers per day                Per worker                     RM 12.50                    (12.5×12workers) = RM 150                 RM 12.50                 (12.5×12workers) = RM 150
  2                                                   Transport per day                      Per worker                       RM 30                       (30×12workers) = 360                      RM 30                    (30×12workers) = 360
  3                                                    Lodging per day                       Per worker                       RM 40                       (40×12workers) = 480                      RM 40                    (40×12workers) = 480
  4                                          Cost of WESIHAT 2.0© or pamphlet^c^               Per day                      RM 0.009                     (RM0.018×25) = RM 0.45                    RM 4.00                      (4×25) = RM 100
                                             Total Cost (Logistic + Fieldworkers)                RM                        RM 115.479                                                             RM 116.97               
                                                      Total Overall Cost                                                                                                                                                  
                                                  (Total Cost + Staff Cost)                      RM             RM115.479+RM469.125 = RM 584.604                                       RM116.97+RM454.113 = RM 571.083    

^a^Cost per subject = cost per day divided with number of subjects per day. ^b^Staff cost = cost per subject multiplied with informational support score. ^c^Cost of WESIHAT 2.0© included cost of developing the website as well as the salary of website developer, while cost of pamphlet is the cost of printing colored pamphlet. RM indicated MYR.

DISCUSSION {#sec0085}
==========

The study successfully showed the effectiveness of a web-based intervention program compared to the conventional health education method. WESIHAT 2.0© was able to save costs in improving the self-perception of disability (WHODAS 2.0) and informational support score by MYR 6.92 and MYR 13.52, respectively. This agreed with findings by Golsteijn et al. \[[@ref048]\], where they demonstrated that web-based intervention for physical activity was a more cost-saving method (\$2.55 per participant per year) compared to a pamphlet (\$2.88 per participant per year). Web-based intervention is a cheaper strategy for delivering health information for an unlimited number of people compared to printed materials. Although internet-based intervention is expensive to develop initially, the advantages compared to printed materials when disseminated to large populations is remarkable. Overall costs, especially staff costs, for printed material will increase with additional subjects; however, intervention delivered through the internet had no extra costs to reach out to a wider group of people \[[@ref048]\]. The web-based module carried more information and is accessible at all times worldwide in areas where the internet is available compared to using the conventional method of distributing pamphlets. Moreover, the contents on a website can be updated when required, unlike the printed materials.

The study demonstrated a significant effect on the self-perception of disability assessed using WHODAS 2.0. Based on the WHODAS 2.0 analysis, the intervention group was reported to have better ability to perform basic self-care, household routines, learning new tasks, and engaging in community-based activities. Overall, WESIHAT 2.0© encouraged older adults to be physically, mentally, and socially active by motivating them to participate in physical activities, mentally stimulating activities, or voluntary activities. However, difficulties were reported by the intervention group in dealing with unknown people due to the fear of being deceived. Besides that, as compared to the control group, subjects in the intervention group had difficulties maintaining friendship especially with friends staying apart. This may be due to the limited knowledge of using modern technologies such as e-mail, messages, Facebook, and Instagram or seldom going for vacation together.

On the other hand, the study also reported a significant effect on the informational support score, showing a better score in the intervention group compared to the control group. WESIHAT 2.0© encourages older people to build good social networking where it motivated them to be optimistic when dealing with challenges in life. They were advised to share problems with family members or friends to come up with solutions. Good social support may be a protective factor against poor cognition \[[@ref050]\]. The relationship between good social support and increased grey matter volume has been shown in younger adults \[[@ref050]\], especially in the posterior parts of the posterior cingulate cortex, the bilateral lingual cortex, the cuneus, and the left occipital lobe, which indicated capability in self-referential processes (ability to connect the external information to the self) \[[@ref051]\].

Unfortunately, this study did not demonstrate significant effects for the Trail Making Test A (TMT A) and MMSE. This is in agreement with an RCT conducted in China, exposing the intervention group to a computerized cognitive training program, which demonstrated no significant changes in cognitive test scores between the treatment and control group \[[@ref052]\]. Although not significant, the participants with MCI in the treatment group reported improvement in the attention, orientation, memory, fluency, and language domains \[[@ref052]\]. Similarly, the current study also reported improvement in MMSE and TMT A scores for the intervention group, without achieving statistical significance. A systematic review has showed that intervention program lasting for six to 12 months was not sufficient to detect changes in cognitive function \[[@ref053]\].

Based on the results of this study, no significant intervention effect for all the physical fitness components assessed was revealed. This was in agreement with the findings of a previous study with a three-month RCT with four groups, namely: web-based (exposed to website targeting physical activity; *n* = 33), mixed (exposed to website and physical activity sessions; *n* = 38), physical activity (exposed to weekly physical activity; *n* = 40), and control group (no intervention; *n* = 38), which failed to obtain significant interaction effect for all groups except the mixed group \[[@ref054]\]. Differences in exercise intensity or variation in types of exercised practiced by older adults may contribute to the insignificant findings \[[@ref053]\]. Besides that, biochemical parameters such as total cholesterol and LDL cholesterol had no significant interaction effect related to lifestyle factors. This is in agreement with the study by Bosak et al. (2012) which did not find significant changes in lipid profile of subjects exposed to web-based physical activity intervention \[[@ref055]\].

Therefore, the finding of no significant intervention effect in this study does not indicate that web-based intervention is less effective in improving the cognitive function of older adults. Methodological limitations or even fear of using the computer by older adults may be possible contributing factors to the insignificant findings. The use of the computer by older individuals requires complex motor functioning for typing, selecting, moving the cursor, language processing to understand, and focusing \[[@ref056]\]. Therefore, with sufficient practice, older people may gain benefits by using a computer.

Strengths and limitations {#sec0090}
-------------------------

This is the first online-based intervention study for educating older adults from a middle-class socioeconomic status in an Asian country in an effort to reduce the risk of cognitive impairment. The current study also evaluated the cost saved by using online websites, which was not often assessed in previous studies. The WESIHAT 2.0 website will be useful for health professionals for assessing the risk of cognitive impairment using the TUA-WELLNESS tool and educating their geriatric patients. Although this study only involved educated older people, future trials may be conducted among individuals who are illiterate or those with lower than secondary education.

The limitations faced during the study include smaller sample size. Systematic review has showed that improvement in behavioral and health outcomes in an intervention study using application can be demonstrated with sample size of at least 90 people \[[@ref057]\]. This study was also unable to track the user's frequency of logging in. The logging in information was self-reported and can be disputed, so any future study should include a monitoring aspect as part of the study.

Conclusion {#sec0095}
----------

The web-based application, WESIHAT 2.0©, has the potential to improve self-perception of disability and the informational support score. However, its effectiveness in improving cognitive function needs further study over a longer duration. WESIHAT 2.0© is also cheaper in achieving the goal compared to the conventional method. Therefore, this website can be used in memory clinics or community clinics in the future for screening risk of cognitive impairment as well as to educate the seniors on lifestyle modifications strategies which could slow the progression of cognitive impairment. In addition, WESIHAT 2.0© can be used in future research involving older people as an education module.
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